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ABSTRACT 
The North Carolina Department of Transportation is rerouting and upgrading a 
19.3-km section of U.S. Highway 64 in Washington County to a 4-lane divided highway. 
This new section of highway bisects core black bear ( Ursus americanus) habitat, 
potentially affecting bear habitat quality and increasing the human safety risk because of 
bear-vehicle collisions. The North Carolina Department of Transportation included 3 
wildlife underpasses in the design of the new route to mitigate these risks. In 2000, the 
University of Tennessee initiated a research project to determine the short-term impacts 
of the new 4-lane highway on spatial ecology, population demographics, and genetic 
exchange of the resident black bear population and to evaluate whether wildlife 
underpasses are effective in mitigating the potential effects of the new highway. The 
research design was divided into a pre-construction and a post-construction phase. My 
study focused on determining home ranges, movements, activities, habitat use, and 
habitat linkages of black bears during the pre-construction phase of the research. Field 
personnel collected information on bear locations and movements from June 2000-June 
2001 on the 12,240-ha treatment area (the area of highway construction), and a 12,266-ha 
control area (no highway construction). These data will serve as the baseline for 
comparisons with data collected after the anticipated completion of the new highway in 
2005. Project personnel collected 1,909 daily telemetry locations and 2,569 hourly 
telemetry locations on 35 radiocollared bears (9 M: 26 F). Based on the 95% fixed­
kernel home range method, home ranges on the treatment area averaged 5.3 km2 for 
females (n = 9) and 70. 7 km2 (n = 4) for males. The average annual home range for 
ix 
females on the control area was 3.1 km2 (n = 14), and 14.2 km2 for males (n = 3). Female 
home ranges on the treatment area were larger than on the control area (Z = 2.87, P = 
0.003), with extensive home-range overlap on both areas. Although daily activity 
patterns did not differ for spring or summer, I observed a disproportionate number of 
active observations during fall (X' = 17.4, df= 3, P < 0.001), particularly in the evening. 
Land cover was not associated with daily activity patterns. Hourly movement rates 
differed between the study areas, with greatest rates on the control area. Furthermore, 
hourly movements of females on the control area were greater than those of males. I 
used the weights-of-evidence technique for analysis of habitat selection; this technique is 
a discrete, multivariate method for combining spatial data to predict habitat use. The 
final model was based on 1,811 daily telemetry locations and included the variables 
forest cohesion, forest diversity, and forest-agriculture edge density (all measured at a 
0.20-km2scale ). The overall conditional independence ratio of the model was 0.97, 
indicating that one of the primary model assumptions was met. The model performed 
well; the highest predicted probability category included only 23 .8% of the study area but 
contained 56% of the bear locations reserved for model testing. Contrast values indicated 
that forest cohesion and forest-agriculture edge density were the most influential 
variables to predict black bear habitat use. I used predicted probabilities of bear 
occurrence from the weights-of-evidence model in a least-cost-path analysis to delineate 
habitat linkages for the 2 study areas and for the Albemarle-Pamlico Peninsula region. 
Habitat linkages on the treatment area and between the 2 study areas coincided with the 
underpass locations of the new highway. Regionally, habitat linkages often converged 
near underpass sites as well, suggesting that these underpasses may have both regional 
X 
and local importance. Results of my study provide baseline data on the spatial ecology of 
black bears prior to construction of the new highway. Changes in home ranges, 
movements, and habitat use based on comparisons with post-construction data will be 
useful to assess whether the new section of highway affects the ecology of the resident 
black bear population. 
xi 
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The potential effects of highways on wildlife populations are manifested in 
mllltiple ways, and may be of particular consequence to rare and wide-ranging species 
(Ruediger 1998). Black bears (Ursus americanus) may be affected by highways because 
they occur in relatively low densities and use habitats at a landscape scale (Schoen 1990). 
Where bear population densities are high, collisions between bears and vehicles are 
relatively common (Pelton et al. 1999), which may affect population demographics. 
Furthermore, activity patterns, movements, and habitat use may be affected by 
disturbance associated with highways (Ruediger 1998). In addition, highways may 
disconnect core habitat and areas of occasional or seasonal importance ( e.g., wintering 
grounds or den sites, seasonal food sources; Jackson 1998). Long-term impacts include 
human development associated with highways, which often leads to increased human­
wildlife conflicts and further fragmentation of habitat (Ruediger 1998). 
Dissection of contiguous habitat patches by highways results in smaller habitat 
patches and greater edge-to-interior area ratios. Wide-ranging species that use forest 
interior habitats are particularly vulnerable to these secondary impacts associated with 
highways (Y ahner 1995, Ruediger 1998). Moreover, fragmentation resulting from 
highway construction can divide existing populations, creating isolated subpopulations 
with reduced genetic exchange and variability (Jackson 1998). 
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Black bear densities in eastern North Carolina are among the highest recorded 
within the range of the species (Martorello 1998, Thompson 2003). Occupied black bear 
habitat in eastern North Carolina increased from approximately 900,000 ha in the early 
1970s to approximately 3.7 million ha in 2001, representing a 76% increase since 1971 
(Fig. 1; North Carolina Wildlife Resources Commission, unpublished data). Bear 
depredation of agricultural crops is common throughout eastern North Carolina, 
particularly in areas where there is little or no hardwood mast production (Landers et al. 
1979, Jones 1996). As bears move between forest cover and croplands to feed, there is a 
greater risk of mortality due to increased contact with humans or collisions with vehicles. 
Vehicle collisions with bears also are a substantial risk to human safety. Thus, mitigating 
the potential impacts of highways on wildlife may be important not only for wildlife 
conservation, but also from a human safety perspective. 
Recent studies have evaluated the usefulness of wildlife underpasses in mitigating 
the barrier effects of highways. Roof and Wooding (1996) evaluated the use of 
underpasses constructed for black bears on Florida State Route 46 in Lake County, 
Florida, USA, and found that 3 of 26 recorded road crossings occurred through 
underpasses. Clevenger (1998) suggested that, at least in the short term, the inclusion of 
11 underpasses on a 27-km segment of the Trans-Canada highway in BanffNational Park 
(Alberta, Canada) reduced the highway's potential barrier effects for elk (Cervus 
elaphus) and deer (Odocoileus spp.). Wildlife passageways also have been proposed to 
alleviate potential carnivore mortality from vehicle collisions on a new highway through 
the Gorski Kotar area of Croatia (Kusak et al. 2000). Because of the high cost of 
construction associated with wildlife passageways, it is necessary to evaluate 
2 
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Fig. 1. Occupied black bear range and range expansion in North Carolina, 1971, 1981, 
1991, and 2001 (North Carolina Wildlife Resources Commission, unpublished data). 
3 
their efficacy as a mitigation tool. However, few studies have examined the impacts of 
highways or the mitigation value of wildlife passageways based on data collected before 
and after highway construction. 
STUDY JUSTIFICATION AND OBJECTIVES 
In Washington County, North Carolina, the North Carolina Department of 
Transportation is upgrading a section of U.S. Highway 64 to a 4-lane divided highway. 
The upgrade will allow more efficient evacuation during hurricanes and alleviate 
congestion from traffic to and from the Outer Banks area on the North Carolina coast. 
The new section of highway is to be constructed south of the current highway and is 
approximately 19.3 km in length. The North Carolina Wildlife Resources Commission 
classified all of Washington County as occupied black bear habitat (North Carolina 
Wildlife Resources Commission, unpublished data), with the new highway route 
bisecting a large block of core habitat. 
The new route borders large blocks of forest, and could potentially become a 
barrier to bears that depend on agriculture as a major food resource, by separating 
forested areas from croplands to the south (Fig. 2). Additionally, increased potential for 
wildlife-vehicle collisions has raised concerns about human safety. Therefore, the North 
Carolina Department of Transportation included 3 wildlife underpasses in the design of 
the new route to mitigate potential barrier-effects on bears and other wildlife, and to 
reduce the likelihood of vehicle collisions (Fig. 2; van Manen et al. 2001 ). In 1999, the 




•••••• New 4-lane U.S. Highway 64 section 










Fig. 2. Proposed route for 4-lane expansion of U.S. Highway 64 with wildlife 




potential placement of wildlife underpasses by identifying convergences of wildlife sign, 
based on track surveys, ditch-crossing surveys, and infrared cameras. 
In 2000, the University of Tennessee initiated a research project to determine the 
short-term impacts of the new 4-lane highway on the resident black bear population (van 
Manen et al. 2001). That primary objective will be accomplished by testing whether 
spatial ecology, population demographics, and genetic exchange of black bears differ 
before and after highway construction. Secondly, the research project was also designed 
to evaluate the efficacy of the 3 wildlife underpasses in mitigating the potential barrier 
effect of the highway to bear movements. Several characteristics ofbear ecology make 
black bears an ideal study species to evaluate the effects of highways on wildlife. Bears 
have relatively large home ranges and use habitat at the landscape scale (Clark and van 
Manen 1993). Furthermore, bears may be considered umbrella species, or species whose 
proper habitat management ensures the protection of habitat that also may benefit other 
wildlife species (Simberloff 1999). 
Construction of the new segment of U.S. Highway 64 began in the spring of 2001, 
with an anticipated completion date in 2005. Because of the length of the highway 
construction phase, it is unlikely that bears captured prior to highway construction will 
still be alive and in the study area after the highway is completed (van Manen et al. 
2001). Therefore, establishment of a control area was necessary to isolate the effects 
related to the new highway from other possible changes in the study area ( e.g., changes in 
forest management practices, mast crop failures). Final analysis of highway effects will 
be based on 4 groups of data: ( 1) treatment area, pre-construction; (2) treatment area, 
post-construction; (3) control area, pre-construction; and (4) control area, post-
6 
construction (Fig. 3). Treatment effects occur only if differences exist between groups 1 
and 2, after adjusting for differences between the control groups 3 and 4 (van Manen et 
al. 2001). 
My thesis focused on determining home ranges, movements, activities, habitat 
use, and habitat linkages of black bears before construction of the new section of U.S. 
Highway 64. These parameters were chosen because they are measurable during both 
phases of the project, and my findings can later be compared with post-construction data 
to assess whether the new highway affected the spatial ecology of resident bears. 
Specifically, the objectives of my research were to: 
1. determine home-range characteristics, movements, and activity patterns of black
bears,
2. predict black bear habitat use, and
3. identify potential black bear habitat linkages within and between the study areas
and at a regional scale in eastern North Carolina.
7 




Group 1 I Group2 I (Highway construction) 
Control area 
I I (No highway construction) Group3 I Group4 I 
Fig. 3. Experimental design to determine the effects of a 4-lane highway with 




The location of the study area was determined by the planned relocation of U.S. 
Highway 64 in Washington County, North Carolina, and consisted of a treatment area 
(the area of highway construction), and a control area (Fig. 4). The treatment area was 
approximately 12,240 ha, and was bordered by the current U.S. Highway 64 to the north, 
Newland Road (State Road 1126) to the south, the town of Roper to the west, and the 
town of Creswell to the east (Fig. 4). The control area was approximately 12,266 ha and 
was bordered by U.S. Highway 64 to the north, NC Highway 99 to the south, NC 
Highway 32 to the west, and Railroad Bed Road (State Road 1127) to the east. The 
control area was chosen to closely resemble the landscape of the treatment area, with 
primary consideration given to the juxtaposition and proportion of agricultural (38%) and 
forested lands (62%). 
TOPOGRAPHY, GEOLOGY, AND SOILS 
The topography and soil composition of the coastal plain of North Carolina is a 
result of river flooding and sea-level fluctuations over the region's history. The area is 
relatively level, with elevation rarely exceeding 30 m above sea level (Soller and Mills, 
1991 ). Floodplains of piedmont-draining rivers and broad, coastal flats cover most of the. 






























































































































































































above sea level in the western part of the county and > 1.5 m on the flood plains of the 
Scuppemong River and Bull's Bay Swamp in the northeastern comer (Soil Conservation 
Service 1979). The county is drained by two major river basins. The Roanoke River 
Basin drains the northwestern portion of the county, whereas the southern portion drains 
into the Pungo River Basin. The remainder of the county empties into the Albemarle 
Sound. 
Surface geology in Washington County is a result of bio-sediment deposition 
across the region during the late Pliocene (Soller and Mills 1991 ). These marine 
sediments, along with fluvial deposits of piedmont-draining rivers, resulted in the soils 
that cover the region today. Soils on the 2 study areas are comprised of 3 soil units. The 
Augusta-Altavista-Wahee series occur on uplands near the cities of Plymouth and Roper, 
and along the U.S. Highway 64 corridor. This soil unit is characterized by nearly level, 
poorly to moderately well-drained soils with a loamy surface and loamy clay subsoil 
layers. The Cape Fear-Portsmouth-Roanoke series occur on stream terraces along the 
northern portions of both study areas. These series are poorly drained, with loamy 
surface layers and loamy clay subsoils. The Belhaven-W asda-Roper series occur on 
broad, level flats mainly across the southern portion of both study areas, and are very 
poorly drained, with mucky surface and subsoil layers (Soil Conservation Service 1979). 




The climate in eastern North Carolina is generally mild, allowing for long 
growing seasons for agricultural crops. Summers in Washington County are hot and 




C. Fall and 





C. Rains occur throughout the year and can be heavy at times, with an 
average annual precipitation of 132 cm (National Oceanic and Atmospheric 
Administration 2001 ). Maximum precipitation occurs during summer between the 
months of May and September, which coincides with the peak growing season for most 
agricultural crops. 
HISTORY AND LAND USE 
The first settlers in Washington County were the Moratuc and Secotan tribes of 
the Algonquian nation. Hunting and fishing were the main sources of their livelihood, 
along with the cultivation of com. Trapping, farming, and logging were the primary 
sources of subsistence for European colonists. In addition, the exportation of timber 
products (i.e., tar, pitch, turpentine, and lumber) and tobacco became important sources 
of revenue for colonial inhabitants (Soil Conservation Service 1979). 
At the time of this study, agriculture and forestry continued to be the major land­
uses in Washington County. Managed pine forests accounted for the majority of forested 
lands, with hardwoods and mixed pine-hardwood forests restricted to natural drainages 
and wetlands (Fig. 4). Weyerhaeuser Forest Products Company was the largest 
landowner within both study areas, with lands managed primarily for pulpwood and 
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lumber production. As a result, several forest stands were either cut or thinned on both 
the treatment and control areas during the field portion of this study. All Weyerhaeuser 
Forest Products Company lands were leased to organized hunting clubs, as were many of 
the larger tracts of private forested land. Private woodlots and large fanns accounted for 
the remaining portions of the study areas. Major agricultural crops included wheat, corn, 
soybeans, peanuts, watermelons, tobacco, and cotton. In addition, the treatment area 
contained a large commercial swine farm and some small plots in turf grass production. 
FLORA 
With the majority of forested land within the study area commercially managed 
for timber production, lob lolly pine (Pinus taeda) was the dominant overstory species, 
with other species sparsely intermixed. These species included tulip poplar 
(Liriodendron tulipifera ), black gum (Nyssa sylvatica ), and sweet gum (Liquidambar 
styraciflua ). Hardwood stands contained species such as northern red oak (Quercus 
rubra), willow oak (Q. phellos), tulip poplar, black gum, and sweet gum. Many forest 
stands were characterized by dense understory vegetation including greenbrier (Smilax 
spp.), switchcane (Arundinaria spp.), poison ivy (Toxicodendron radicans), bay (Persea 
spp. ), devil's walking stick (Aralia spinosa ), and various brambles (Rubus spp. ). 
FAUNA 
The forests of eastern North Carolina supported a variety of wildlife species. 
Game species included black bear, white-tailed deer (Odocoileus virginianus), eastern 
gray squirrel (Sciurus carolinensis), and eastern cottontail (Sylvilagusjloridanus). Other 
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common mammalian species included gray fox ( Urocyon cinereoargenteus ), river otter 
(Lutra canadensis), mink (Mustela vison), raccoon (Procyon Iotor), muskrat (Ondatra 
zibethica), opossum (Didelphis virginiana), and bobcat (Lynx rufus). Upland game birds 
included eastern wild turkey (Meleagris gallopavo ), mourning dove (Zenaida macroura ),
and northern bobwhite ( Colinus virginianus). The area also supported numerous 
songbird species. Reptiles and amphibians, such as the copperhead (Agkistrodon 
contortrix), cottonmouth (Agkistrodon piscivorus ), timber rattlesnake ( Crotalus 
horridus ), black rat snake (Elaphe obsoleta ), snapping turtle ( Chelydra serpentina ), and 
mud turtle ( Chlemys guttata) also were common. 
14 
DATA COLLECTION 
Trapping and Handling 
CHAPTER III 
METHODS 
Bears were captured with Aldrich spring-activated foot snares (Aldrich Animal 
Trap Co., Clallam Bay, Washington, USA), modified with automobile hood springs to 
reduce injuries (Johnson and Pelton 1980). Suitable trapsites were determined by 
examining areas along timber roads and adjacent to agricultural crops for signs of bear 
activity (e.g., scats, tracks, marked trees, and crop damage). Trap sites were baited with 
pastries and other bakery products and scented with artificial raspberry extract (Mother 
Murphy Labs, Greensboro, North Carolina, USA) as an olfactory attractant. Traps were 
checked daily for captured bears or trap activity and rebuilt and re-baited as necessary. 
Captured bears were immobilized with an intra-muscular injection ofketamine 
hydrochloride (200 mg/ml; Bristol Laboratories, Syracuse, New York, USA) and 
xylazine hydrochloride (100 mg/ml; Haver-Lockart, Inc., Shawnee, Kansas, USA) via 
pole syringe at a dosage of 1 ml per 25 kg of estimated body weight. An ophthalmic 
salve was applied to the eyes to prevent desiccation and each bear was blindfolded to 
protect the eyes from debris and to reduce visual stimuli during handling. Field 
personnel monitored and recorded body temperature, respiration rate, and pulse rate 
throughout the handling period. 
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Captured bears were weighed and standard biophysical measurements were 
recorded. Project personnel examined each captured bear for ectoparasites, reproductive 
condition, physical condition, and any unusual markings or existing injuries. A tissue 
sample and hair sample was taken from each bear for DNA analysis and subsequent use 
in demographic and genetic analyses (Thompson 2003). The first upper premolar was 
extracted for cementum annuli analysis to determine age and reproductive history (Willey 
197 4; Matson Laboratories, Milltown, Montana, USA). All bears received eartags and 
tattoos in the upper lip and inner thigh with a unique identification number. 
Adult bears were fitted with VHF radio collars equipped with mercury tip-sensors 
to acquire location estimates and monitor bear activity (Telonics, Inc., Mesa, Arizona, 
USA, and Advanced Telemetry Systems, Isanti, Minnesota, USA). Radio collars were 
attached with an oil-treated leather spacer designed to degrade and break away within 2-
3 years for collar retrieval. 
After completion of data collection, we administered an intravenous injection of 
yohimbine hydrochloride (5 mg/ml; Spectrum Laboratory Products, New Brunswick, 
New Jersey, USA) as an antagonist to the xylazine hydrochloride at a dosage of 1 ml per 
25 kg. All captured bears were handled and released at the capture site according to 
animal handling protocols approved by the University Of Tennessee Office Of 
Laboratory Animal Care (IACUC #1020). 
Radiotelemetry 
Radiocollared bears were located from June 2000 through June 2001 using the 
"null-average" method (Springer 1979) with vehicle-mounted, 5-element yagi antennae 
16 
(Wildlife Materials, Inc., Carbondale, Illinois, USA) and hand-held, 4-element yagi 
antennae (Telonics, Inc., Mesa, Arizona, USA). Azimuths were taken from telemetry 
stations established at prominent road intersections and other locations throughout both 
study areas. Locations of all telemetry stations were recorded in Universal Transverse 
Mercator coordinates (UTM; Zone 18, NAD83 datum) with hand.held global positioning 
system units (GPS; Gannin, Inc., Olathe, Kansas, USA) for use in triangulation of bear 
locations. 
Two different types of telemetry locations were collected during the field portion 
of the study: hourly locations for short-term movement analysis and daily locations for 
home-range calculation, activity analysis, and habitat use analysis. Hourly locations were 
collected once per week on each bear during 8-hour sessions, centered on crepuscular 
activity periods. Independence of relocation data is an inherent assumption in many 
analyses of radio tracking data (White and Garrot 1990), but because statistical 
independence is difficult to achieve, biological independence often is used to provide 
unbiased estimates of home ranges and habitat use (Lindzey and Meslow 1977, Arthur et 
al. 1996). Biological independence can be assumed if the time elapsed between locations 
is long enough to allow an animal to move throughout its home range, and is therefore 
affected by home range size and movement rates. Given the small home-range size of 
bears in this study, daily locations collected on all radio-collared bears with a minimum 
of 12 hours between locations were considered biologically independent. North Carolina 
Wildlife Resources Commission personnel performed several aerial searches via fixed­
wing aircraft to locate bears that had moved off the study areas and became difficult to 
locate by ground telemetry. 
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Telemetry E"or.-- I estimated telemetry error by placing radio collars in various 
habitats throughout both study areas. I recorded UTM coordinates at each location by 
GPS. All field personnel located the test collars a minimum of 30 times at different 
locations based on the same telemetry techniques used to locate bears. Actual locations 
of test collars were unknown to field personnel. I compared estimated UTM coordinates 
from telemetry data with the UTM coordinates of the test collar locations to determine an 
error distribution for each observer (Schmutz and White 1990). 
I used a triangulation procedure in software program TELEM88° (Coleman and 
Jones 1986) to estimate UTM coordinates from telemetry azimuths. For each location, I 
only selected azimuths for triangulation that differed by > 30 degrees and were collected 
within 30 minutes. A single location from each hourly telemetry session was chosen at 
random to supplement the set of daily locations. 
DATA ANALYSIS 
Home-Ranges Estimation 
I calculated home ranges for this study using the fixed kernel method (Worton 
1989). Kernel methods for home-range estimation make efficient use of location data in 
a non-parametric approach, and unlike other statistical estimators (i.e., harmonic mean, 
Fourier-transform methods), produce unbiased location density estimates. This method is 
based on a scaled probability density function (kernel) placed over each set of location 
coordinates. The home-range estimate is constructed by adding the density kernels, 
resulting in greater density estimates where locations are more concentrated and lower 
densities where there are few locations. 
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I used the daily locations to calculate home ranges with the Animal Movement 
extension for Arc View® GIS (Hooge and Eichenlaub 1997). Because the precision of the 
fixed kernel method relies on a relatively large number of locations per animal (:Norton 
1989), I calculated annual home ranges for bears with �0 daily locations collected 
throughout the year. Because of widely documented differences between home ranges of 
female and male black bears, and because of low sample sizes of male home ranges in 
this study, I made no statistical comparisons between male and female home ranges in 
this study. Because of small sample sizes and non-normality of the data, I used the non­
parametric Wilcoxon's Rank Sum Test to assess differences in home-range sizes for 
females between the treatment and control areas. I measured home-range overlap among 
bears based on annual home ranges, and compared home-range sizes and overlap for each 
study area. 
Activity Analysis 
All radio transmitters in my study were equipped with mercury tip-switches that 
varied pulse rate with the position of the transmitter. Activity levels were determined as 
inactive (pulse frequency <60 per minute) or active (pulse frequency >60 per minute) for 
each azimuth taken during telemetry sessions. If a change in pulse rate from inactive to 
active was observed during azimuth acquisition, or if the volume of the signal varied, the 
associated activity level was recorded as active. 
Activity patterns of black bears may vary seasonally because of agricultural crop 
availability and availability of natural foods (Jones 1996). Furthermore, activity patterns 
often differ between the sexes (Hellgren and Vaughan 1990, Homer and Powell 1990). I 
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accounted for these variations by separating activity observations from daily locations of 
males and females and analyzing daily activity patterns separately for active seasons. I 
delineated seasons according to food availability, harvesting schedules of agricultural 
crops, and den entrance and emergence as follows: 
(1) Spring (15 April to 15 June)-winter den emergence until wheat became
unavailable due to harvesting. Bears frequently were observed throughout the
day grazing in wheat fields, and wheat was the most common component
observed in scats.
(2) Summer (15 June to 15 September)-during this period com became the primary
agricultural food source for bears within the study area. Bears often were
observed crossing between forest and cornfields throughout the day, and com
became the most common food item observed in bear scats.
(3) Fall (15 September to 15 December)-after com harvest, bears primarily fed on
peanuts, soybeans, wild grapes, and black gum, until these foods became
unavailable just prior to winter den entrance.
(4) Winter (15 December to 15 April)- all bears remained somewhat sedentary
during this period and exhibited reduced activity levels and only occasional
movements.
All daily locations ( excluding winter locations) were assigned to 4 periods based
on field telemetry schedules and seasonal solar tables for Plymouth, North Carolina (U.S. 
Naval Observatory, Astronomical Applications Department, Washington, D.C., USA). 
Period 1 was designated as the hour of sunrise and the 3 hours post sunrise. Period 2 
spanned from 3 hours post sunrise to 13:00 EST. Period 3 included 13:00 EST to the 
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hour of sunset. Period 4 was designated as the hour of sunset and the 3 hours post sunset. 
Because of field sampling schedules, some observations fell outside these 4 periods. 
Therefore, I excluded those locations from the analysis. I analyzed daily activity patterns 
at the population level by modifying a chi-square habitat analysis technique (Neu et al. 
197 4) to compare expected and observed numbers of active observations by time period 
for each season. I used simultaneous Bonferroni confidence intervals (Byers et al. 1984) 
to assess differences in activity among time periods. 
Activities of bears may be associated with certain habitats, as bears may use 
different land-cover types for resting, feeding, and movement. For each bear location, I 
determined the land-cover type from Multi-Resolution Land-Cover Data (Vogelmann et 
al. 1998), combining similar land-cover types into 4 general types (Table 1 ): agriculture 
(AG), mixed deciduous forest (MD), pine plantation (PP), and bottomland hardwood 
(BH). I determined the relationship between land-cover type and activity levels of radio­
collared bears using the Neu et al. (1974) habitat selection technique. 
Short-Term Movements 
Hourly Movements.-- I used the Xtools extension for ArcView® GIS (Dulane 
2000) and SAS® statistical software to measure characteristics of hourly movements, 
including current land-cover type, land-cover type of previous locations, hourly 
movement rate, and linearity of movement bouts; each movement bout consisted of a 
series of relocations for a radio-collared bear collected during a single 8-hour period. 
Movement bouts with <3 successive triangulations were excluded from the analysis 
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Table 1. General land-cover types, descriptions, and corresponding Multi-Resolution 
Land Cover (MRLC) data type for the habitat transition analysis of black bears, 
Washington County, North Carolina, 2000-2001. 
General land-cover Included 
type Description MRLC classes 
Agriculture Includes grasses, dormant croplands, Pasture/hay 
com, peanuts, soybeans, tobacco, Row crops 
watermelons, wheat, and cotton. Small grains 
Mixed deciduous Deciduous or mixed deciduous forest Deciduous forest 
forest stands. Primary species include Mixed forest 
beech, black gum, maples, oaks, 
sweet gum, tulip poplar, and other 
hardwoods sometimes mixed with 
an evergreen component. 
Pine plantation Primarily plantations of lob lolly or Evergreen 
short-leaf pine 
Bottomland Primary species include bald cypress, Woody wetlands 
hardwoods beech, black gum, maples, and 
oaks. Soils are characterized by 
either periodic or constant 
saturation with water. 
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because linearity calculations require at least 3 successive locations. I examined these 
data for normality and used the Wilcoxon Rank Sum Test (SAS® Procedure 
NP AR 1 WAY) to test for differences by study area and sex. I tested for differences 
among season and land-cover types with analysis of variance (SAS® Procedure GLM). 
Habitat Transitions.-- I examined movements from the hourly relocation dataset 
· to determine how radio-collared bears moved across and between habitat types. I
developed ·a contingency table with the SAS® FREQ procedure to determine the
probability of staying within a given habitat type, and the probability of moving to other
habitat types. For this analysis, the sampling unit was each individual movement,
consisting of pairings of an initial location and a subsequent relocation from the hourly
location dataset.
Telemetry E"or.- I assessed the potential effects of telemetry error on the habitat 
transition analysis by incotporating the results of the telemetry error tests. I assigned a 
circle with a radius that encompassed 80% of telemetry error distances to each location in 
the dataset. I generated a random location corresponding to each triangulated bear 
location within this circle, and repeated calculations of movement parameters based on 
that set of random locations. The effects of telemetry error were considered significant if 
95% confidence intervals of the movement parameters from the actual bear locations did 
not contain the movement parameters from the telemetry error locations. I also 
determined the land-cover type for each error location to determine the habitat 
misclassification rate due to telemetry error. I used a contingency table to test whether 
the frequency of habitat transitions from the actual locations and locations incotporating 
telemetry error was different. 
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HABITAT MODELING 
Since early applications, habitat use models have evolved from simple descriptive 
models to multivariate statistical techniques (Scott et al. 2002). Recent wildlife studies 
have applied Mahalanobis distance (Clark et al. 1993, Gill and Cannings 1997, van 
Manen et al. 2002), classification and regression trees (CART; Dettmers et al. 2002), and 
logistic regression (Mladenoff et al. 1995, Dettmers et al. 2002). Logistic regression and 
CART models require the use of locations representing unused habitat. However, unused 
habitat is difficult to measure, and some unused habitats may be used in the future or may 
have been used in the past (Clark et al. 1993, van Manen et al. 2002). Researchers often 
use random locations to measure unused habitat. Generating random locations requires 
delineation of a study area, which may bias measurement of available habitat (Clark et al. 
1993, Knick and Rotenberry 1998). Therefore, techniques that require locations of 
unused habitat may be better suited for exploratory analysis and variable selection. 
Modeling techniques that require only presence locations ( e.g., Mahalanobis distance 
statistic) often are better suited to telemetry datasets. 
Statistical methods used to describe spatially explicit relationships between 
species and their habitats have been frequentist in nature (Ellison 1996). However, 
increased attention is being placed on Bayesian approaches to the analysis of spatially 
explicit relationships (Ellison 1996). One such Bayesian method is the weights-of­
evidence technique, which is a discrete multivariate method for combining spatial data 
and can be used to make predictions about features of interest within a GIS (Bonham­
Carter 1994). 
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Originally, weights-of-evidence was used as a data analysis tool for diagnosing 
disease from symptom information and, more recently, to predict locations of mineral 
deposits (Bonham-Carter 1994). The technique also has been applied to seismic and 
geologic data to model the spatial distribution of seismic epicenters in western Quebec, 
Canada (Goodacre �t al. 1993). Mensing et al. (2000) used weights-of-evidence to 
predict the location of fossil packrat (Neotoma spp.) middens in Nevada. Whereas the 
technique is widely accepted as a method to predict spatial distributions in geologic 
applications, it is relatively uncommon as a technique to predict wildlife habitat use. 
Fundamentally, the weights-of-evidence technique can be used to predict species 
occurrence by combining habitat features and comparing these features with a telemetry 
dataset within a GIS. I first calculated the random probability of bear occurrence by 
dividing the number of telemetry locations by the number of pixels in the study area. The 
measure of influence of each habitat variable, called weights, are then used to update that 
probability of bear occurrence for each pixel across the study area. The result-is a map of 
values depicting the probability of bear use, based on a combination of habitat features 
present at each pixel. 
Specifically, weights-of-evidence is a log-linear form of Bayes' rule, based on an 
assumption of conditional independence among explanatory variables with respect to the 
data points (Bonham-Carter 1994). In a GIS, overlapping relationships among 
explanatory variables are combined to form a grid of unique conditions, which is the 
starting point for weights and posterior logits calculations. Because the model is in log­
linear form, the predicted probability of occurrence of each unique condition can be 
calculated by adding weights for each habitat variable to the prior logit. 
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Each telemetry location that is used to develop the model is assumed to occupy a 
small area (unit area). Weight values are independent of the unit area size, given that the 
unit area is small (Bonham-Carter 1994, Kemp et al. 1999). The prior probability of 
occurrence is calculated by dividing the number of telemetry locations by the number of 
unit area cells in the study area. Although spatial applications of weights-of-evidence 
require the delineation of an initial study area, this is only for calculation of prior 
probabilities to begin model generation. Furthermore, the extent of the initial study area 
does not affect the ranking of predicted probabilities of occurrence, and the final model 
can be applied to any extent. This prior probability, expressed in log-linear form as the 




where L(D) is the prior logit, N(D) is the number of telemetry locations, and N{S) is the 
number of unit cells in the study area (Kemp et al. 1999). 
Weights are a measure of spatial association between the telemetry locations and 
each explanatory variable (GIS data layer). In general, positive (W) and negative (W) 







where P{B ID} is the probability of presence of variable B where telemetry locations (D) 
are also present, P{B ID} is the probability of presence of variable B where telemetry 
locations (D) are absent, P { B I D} is the probability of absence of variable B where 
telemetry locations (D) are present, and P { B I D} is the probability of absence of variable 
B where telemetry locations (D) are absent (Kemp et al. 1999). 
Positive weights indicate that more telemetry locations occur on a given binary 
variable class than would occur by chance alone. Conversely, a negative weight indicates 
that fewer locations occur within a given class than expected. Weight values approaching 
0 indicate that telemetry locations are distributed randomly with respect to the given 
habitat variable, resulting in no mathematical modification of the prior probability (Kemp 
et al. 1999). The contrast in weight values ( � - W) is an overall measure of spatial 
association between the telemetry locations and a given habitat variable (Kemp et al. 
1999). In general, positive contrast values contribute to the probability of occurrence, 
whereas negative contrasts indicate avoidance or no response and negatively influence 
the predicted probability (Bonham-Carter 1994 ). 
Contrast values are used to reclassify predictive variable coverages into binary 
maps with either "favorable" (predictive), or '4unfavorable" (non-predictive) values. 
Reclassification of the habitat variables maximizes their spatial association with the 
telemetry locations, increasing robustness of weight calculations and reducing "noise" in 
the final model (Bonham-Carter 1994). Upon reclassification, weights and contrasts are 
recalculated from the binary maps, and the map layers are combined into a new layer of 
unique habitat conditions. The final posterior logit is calculated for each unique 
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condition present in the study area, and rescaled as the predicted probability of 
occurrence. 
Habitat Variables 
Scale of Measurement.-- Observations of habitat variables are influenced by the 
scale at which they are measured (Turner et al. 2001 ). The issue of scale has received 
increasing attention in ecological study designs. Scale is broadly defined as the spatial or 
temporal dimension of an object or process (Turner et al. 2001). Animals may perceive 
habitat at multiple scales, as described in Johnson's (1980) ordering of selection 
processes. Selection of habitat within the geographical range of a species to usage of 
various resources within an animal's home range represents different scales of habitat 
selection. 
I addressed multiple-scale selection of habitat by calculating habitat variables at 3 
different scales: 0.2 kni2 (radius approximates in:ean telemetry error and hourly 
movement rate), 7.1 kni2 (mean home range of female and male bears combined), and 
38.5 km2 (95% kernel polygon for all bears on each study area). An analysis ''window" 
with size corresponding to each of the three analysis scales represented the landscape 
used to calculate each habitat variable. Variable calculations were performed and the 
resulting value was assigned to the center pixel of the window. This process was 
repeated for all pixels in the GIS coverage, resulting in a new grid for each variable at 
each scale. Habitat variables were then sampled at each bear location from the daily 
independent location dataset. 
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Stand-level silvicultural data for private and corporate forests were not available 
for use in habitat modeling. I considered several landscape metrics to characterize habitat 
use by black bears on the study area and in eastern North Carolina. Broadly, these 
metrics can be classified into 3 categories: spatial configuration metrics, forage/cover 
metrics, and human dimension measures (Appendix A). 
Spatial Configuration Metrics.-- Because bears in eastern North Carolina depend 
heavily on agricultural crops (e.g., com, wheat, soybeans) for food (Jones 1996), I 
calculated an index of interspersion and juxtaposition of agriculture within the overall 
matrix of forested land-cover types (McGarigal et al. 2002). The agriculture 
interspersion and juxtaposition index approaches 0 when the agricultural patch type is 
adjacent to only 1 other patch type and the number of forested patches increases. 
Agriculture interspersion and juxtaposition = 100 when agricultural patches are 
maximally interspersed and juxtaposed to other patch types. The interspersion and 
juxtaposition index is calculated based on patch aggregation and adjacency rather than 
cell adjacency, and is subject to bias at the smaller scale of analysis. Therefore, I 
calculated this index using Fragstats 3.3 spatial pattern analysis software (McGarigal et 
al. 2002) based on 7.1 km2 and 38.5 kni2window sizes. 
Connectivity of forests represents the ability of forested habitat to facilitate travel 
of forest-dependent organisms through the landscape (McGarigal et al. 2002). Although 
a precise definition of connectivity is dependent upon the habitat requirements of the 
species in question, the basic definition of connectivity is the structural connectedness or 
physical continuity of a given land-cover type in the landscape. In eastern North 
Carolina, large, connected forest patches within the matrix of agriculture and human 
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development are important to support black bear populations. Forest cohesion is an index 
between 0 and 100, which approaches 0 as the proportion of forested land cover in the 
landscape decreases and becomes increasingly disconnected. Forest cohesion approaches 
100 as forest patches become functionally connected (McGarigal et al. 2002). I 
calculated this variable using Fragstats 3.3 spatial pattern analysis software (McGarigal et 
al. 2002) based on the 0.2 km2, 7 .1 km2, and 38.5 km2 window sizes. 
Although black bears generally are not considered edge-dependent species, they 
make extensive use of edge habitats near agricultural areas (Jones 1996). Density of edge 
between forested and agricultural land-cover types was calculated in Fragstats 3.3 
(McGarigal et al. 2002). Forest-agriculture edge density is expressed as a limitless value 
in meters per hectare, and was calculated based on the 0.2 km2, 7.1 km2, and 38.5 km2
window sizes. 
Forage/Cover Metrics.-- The diversity ofland-cover types can influence black 
bear habitat use (van Manen and Pelton 1997). In eastern North Carolina, hardwood 
stands, such as oak and black gum provide important natural food sources among 
plantations ofloblolly and short-leaf pine (Jones 1996). Therefore, I calculated 2 indices 
to measure land-cover diversity: forest diversity and land-cover diversity. These indices 
were calculated in Fragstats 3.3 (McGarigal et al. 2002) based on modification of 
Simpson's (1949) diversity index. Forest diversity and land-cover diversity are indices 
between 0 and 1, approaching 1 as the number of different land-cover types increases. 
Forest diversity was calculated including only forested land-cover types, whereas land­
cover diversity was calculated for all land-cover types. Forest diversity and land-cover 
diversity were calculated for all 3 analysis scales. 
30 
The amount of forested area within the landscape is important because black bears 
are highly dependent on relatively large and contiguous forest areas. The proportion of 
forest within the landscape was quantified in Fragstats 3.3 software for all 3 analysis 
scales. Percent forest equals 0 when no forest occurs in the landscape and equals 100 
when the entire landscape consists of forest. 
Human Dimension Measures.-- Because bear habitat use can be influenced by 
human development, particularly roads (Brody and Pelton 1989, Brandenburg 1996), I 
calculated the density of all roads to measure human influence on the landscape. I chose 
road density rather than human population density because human density on the study 
areas is low, with development restricted to farm buildings and scattered, rural single­
family residences. Road density (m/kni2) was calculated from the ESRI U.S. Streets 
Database (Volume 4 South, ESRI, Redlands, California, USA) based on the 0.2 km2, 7.1 
km2, and 38.5 km2 analysis windows with the Spatial Analyst extension to ArcMap 8.1 
GIS software. 
Model Selection 
I used a combination of methods to choose the final set of variables for inclusion 
in the model, with priority given to biological significance of the habitat variables and the 
assumptions of the weights-of-evidence technique. Values of each habitat variable were 
sampled at each bear location within Arc View® GIS and examined with SAS 8.2 
statistical software (SAS Institute, Cary, North Carolina, USA). I first examined the 
means and coefficients of variation of habitat variables at bear locations and eliminated 
variables that showed high variation, indicating weak selection for that variable. I then 
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performed a principal components analysis to determine the amount of variation 
explained by each variable to identify correlated variables. Among correlated variables, I 
excluded the variables that I judged to be biologically least important. After eliminating 
correlated variables, I repeated the principal components analysis to determine which 
analysis scale explained most of the variation in the data. 
Model Generation 
Calculations for the weights-of-evidence model were performed with the Arc-
W ofE extension to Arc View® GIS (Kemp et al. 1999). To determine whether pooling 
locations among both sexes was appropriate for the habitat analysis, I compared the 
means, ranges, and standard deviations of each habitat variable associated with males and 
females locations. I used a random subset of daily locations for weights-of-evidence 
model development. I defined the initial study area by delineating a radius of 1,500 m 
around all telemetry locations, approximating the radius of mean annual home ranges of 
study bears (males and females). Weights and contrast values were calculated for all 
classes in each habitat variable layer. I increased the robustness of final model 
predictions by reclassifying the GIS layers into binary maps of either favorable (positive 
contrast values) or unfavorable (neutral and negative contrast values) as suggested by 
Bonham-Carter (1994). Weights for the binary habitat variables were then recalculated 
and combined, and a response theme of predicted probabilities was created for the control 
and treatment areas. 
I used the weights of the unique conditions within the study areas to extrapolate 
the relative probabilities of black bear occurrence to the Albemarle-Pamlico peninsula. I 
32 
chose this region to apply the model because land use on the peninsula is unique 
compared to other areas in eastern North Carolina. Land-cover configurations change to 
the south and west of the peninsula, with forested tracts becoming sparser and intermixed 
with other land-cover types. 
Model Testing 
Telemetry E"or.-- I tested the effects of telemetry error on the habitat model by 
generating random locations within a radius from the original location that encompassed 
80% of the telemetry error distribution. I then recalculated contrasts and weights from 
the weights-of-evidence model based on these telemetry error locations. I then 
recalculated weights and contrasts to determine whether the ranking of contrasts for 
variables in the model were different when calculated using telemetry error locations. 
Testing the predictions of wildlife habitat models is important to determine model 
performance (Verbyla and Litvaitis 1989, Marcot et al. 1983). Model testing procedures 
generally fall into 2 categories: field validation and resampling methods (V erbyla and 
Litvaitis 1989). Field validation requires an additional dataset from the same or a similar 
study area. Because of the limited time available prior to highway construction, no 
additional data could be collected to test the model. However, because the complete 
telemetry dataset was relatively large (> 1,700 observations), I randomly selected 33% of 
the telemetry observations to test the model. For each of these test locations, I generated 
a random location within the study area. I used a chi-square analysis to determine 
whether bear locations were associated with areas of greater predicted probability .based 
on the weights-of-evidence model compared with random locations. 
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HABITAT LINKAGES 
I performed a least-cost-path analysis to delineate potential habitat linkages 
between the 2 study areas and among areas of core black bear habitat on the Albemarle­
Pamlico peninsula. Least-cost-path analyses were first applied to emergency 
management but have recently been used to delineate potential travel corridors for 
wildlife ( e.g., grizzly bears [ Ursus arctos ], elk [ Cervus elaphus ], and cougar [Puma 
concolor]) between the Salmon-Selway, Northern Continental Divide, and Greater 
Yellowstone ecosystems in Montana (Walker and Craighead 1997). Essentially, a least­
cost-path analysis can be used to identify paths of least resistance within a landscape. 
The relative resistance of areas usually is measured with a cost-surface grid, which 
represents the relative cost of travel based on the habitat requirements of the species. 
Least-cost-path analysis requires identification of source and destination areas. I 
identified source and destination areas on the study areas by calculating 50% and 75% 
fixed-kernel home ranges based on all bear locations for each study area to represent 
different levels of core areas. To provide baseline data before highway construction, I 
also delineated least-cost paths between areas with the greatest concentrations of bear 
locations within the treatment area. Finally, I mapped habitat connectivity among areas 
of core black bear habitat on the Albemarle-Pamlico Peninsula (North Carolina Wildlife 
Resources Commission 1997, unpublished data). 
Because the objective was to model connectivity of suitable bear habitat rather 
than travel corridors, the cost surface for the region was generated with costs inversely 
proportionate to the predicted probabilities calculated from the weights-of-evidence 
model. I used the COSTDIST ANCE function in Arc/Info® GRID (ESRI, Redlands, 
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California, USA) to calculate cost-weighted distances between defined source and 
destination areas. I mapped habitat connectivity with the CORRIDOR function in 
Arc/Info® GRID from the cost-weighted distance grids, producing a gradient of habitat 
connectivity values along the least-cost-path between source and destination areas. I then 
delineated habitat linkages for display on a map by retaining only pixels within the top 




Trapping and Handling 
CHAPTER IV 
RESULTS 
Trapping on the treatment area began on 9 June 2000 and ended on 8 September 
2000. Forty-eight trapsites were constructed, with a maximum of 27 trapsites active at 
one time (1,700 total trapnights). Field personnel captured 23 bears a total of27 times 
(12 males, 11 females; Table B.1) for a capture success rate of 1.6% (63 trapnights per 
capture). Bears were captured at 19 of the 48 trapsites (39.6%; Fig. 5). Trapping began 
on the control area on 9 July 2000 and ended on 6 August 2000, with 18 trapsites, of 
which up to 17 were active at one time (383 trapnights). Thirty-two individuals were 
captured 33 times (24 females, 8 males; Table B.2) for a capture success rate of 8.6 % 
(11.6 trapnights per capture). Field personnel captured bears at 16 of the 18 trapsites 
(88.9%; Fig. 6) and confirmed bear activity at 100% of the sites. Trapping ended earlier 
on the control area to intensify trapping efforts on the treatment area and ensure that 
enough bears would be radiocollared to meet research objectives. 
Radiotelemetry 
Project personnel deployed 16 radio collars on the treatment area (10 females, 6 
males; Table B.l) and 19 radio collars on the control area (16 females, 3 males; Table 
B.2). Project personnel collected 1,909 daily locations (Fig. 7) and 2,569 hourly
locations from 15 July 2000 to 29 June 2001 (Appendix B). 
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Fig. 5. Locations of trap sites and corresponding number of black bears captured on the 
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Fig. 6. Locations of trap sites and corresponding number of black bears captured on the 
























































































































































































































Telemetry En-or.-- Project personnel collected 198 locations on test collars to 
estimate telemetry error. I found no differences among observers (F = 1.2 7, df = 6, P =
0.272). I pooled all telemetry error data for analysis. Overall, mean telemetry error was 
253 m (SE = 16, range = 7-1,696 m). Eighty percent of all triangulated locations of test 
collars were within 351 m of the actual coordinates (Table 2). 
DATA ANALYSIS 
Home Ranges 
Because of the harvest of 4 bears and malfunction of 1 radiocollar, the sample 
size ofradiocollared bears was reduced to 32 (14 and 18 on the treatment and control 
areas, respectively). The mean annual home range was 3.9 km2 for females (n = 23, SE = 
0.5), and 46.5 km2 for males (n = 7, SE = 27.2). For the treatment area, home ranges 
averaged 5.3 km2 for females (n = 9, SE= 0.4; Fig. 8) and 70. 7 km2 (n = 4, SE = 46.2) for 
males (Fig. 9). The average annual home range for females on the control area was 3.1 
km2 (n = 14, SE= 0.7; Fig. 10), and 14.2 km2 for males (n = 3, SE = 3.3; Fig. 11). 
Female home ranges on the treatment area were larger than on the control area (Z = 2.87, 
P= 0.003). 
Overlap among annual home ranges of both sexes on the treatment and control 
areas was 23.1 % (n = 48 pairs, SE= 0.03) and 33.8% (n = 48 pairs, SE= 0.03), 
respectively. For the treatment area, home-range overlap for 16 pairs of female bears 
averaged 11.9% (SE = 0.03; Table C.1 ). Mean home-range overlap for 24 pairs of 
females on the control area was 30.9% (SE = 0.04; Table C.1 ). Average female home-
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Table 2. Radiotelemetry error distances (m) for each of 7 observers, Washington County, 
North Carolina, 2000-2001. 
Mean Median 80% Error 
Observer error SE error below range 
EV 303 35.4 269 454 22-801
BW 238 28.3 213 340 48-685
HDK 263 41.5 171 360 50-1,354
JLK 222 26.3 179 313 45-644
LMT 179 20.8 163 267 35-432
MJC 316 69.5 223 327 42-1,696
RM 239 70.6 165 215 7-1,192
















Fig. 8. Fixed kernel home ranges (95%) of female black bears on the treatment area, 

















Fig. 9. Fixed kernel home ranges (95%) of male black bears on the treatment area, 

















Fig. 10. Fixed kernel home ranges (95%) of female black bears on the control area, 

















Fig. 11. Fixed kernel home ranges (95%) of male black bears on the control area, 
Washington County, North Carolina, 2000-2001. Polygon labels indicate bear ID 
number. 
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range overlap on the control area was greater than on the treatment area (Z = -3.88, P < 
0.001). 
Activity Analysis 
Daily activity data indicated crepuscular patterns for radiocollared bears on both 
study areas (Fig. 12a). Male bears exhibited a more irregular daily activity pattern than 
females (Fig. 12b ). Therefore, I grouped bears by sex for seasonal activity analyses, and 
analyzed each sex separately. 
Observed and expected activity levels during daily activity periods did not differ 
for spring(')( = 0.6, df = 3, P = 0.895) and summer(')(= 5.2, df = 3, P = 0.159; Tables 3 
and 4 ). However, I observed a disproportionate number of active observations during fall 
(')( = 17.4, df = 3, P < 0.001; Table 5). Bonferroni simultaneous confidence intervals 
indicated bears were less active than expected for period 3 (13:00 EST to the hour of 
sunset) during that season (Table 5). I observed no variation in activity levels within 
different land-cover types for spring(')( = 3.9, df = 3, P = 0.272), summer(')(= 5.7, df = 
3, P = 0.126), or fall seasons(')(= 0.7, df = 3, P = 0.875; Tables 6, 7, and 8). 
Short-Term Movements 
Hourly Movements.-- The mean hourly movement rate for bears on both study 
areas was 239 m (n = 1,780, SE= 6.0; Table 9). Hourly movement rates on the treatment 
area ( x = 218 m/hr, n = 654, SE = 12.2) were less than on the control area ( x = 251 
m/hr, n = 1,126, SE = 6.2; Z = -5.37, P < 0.001). I detected no difference in hourly 
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Fig. 12. Daily activity of black bears in Washington County, North Carolina, 2000-2001. 
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































pooled the data to compare movement rates by season. Movement rates during summer 
(319 m/hr, n = 121, SE= 49.6) were greater than during spring (179 m/hr, n = 178, SE= 
16.3) and fall (203 m/hr, n = 355, SE= 11.8; F = 8.37, 2 df, P < 0.001). 
On the control area, hourly movement rates of males ( x = 219 m/hr, n = 194, SE 
= 13.9) were less than those of females (257 m/hr, n = 932, SE= 7.0). Male movements 
during fall (247 m/hr, n = 101, SE= 20.9) were greater than in spring (225 m/hr, n = 35, 
SE= 36.8) or summer (166 m/hr, n = 58, SE= 17.0; F= 3.33, 2 df, P = 0.038). Mean 
female movement rates were less during spring ( x = 186 m/hr, n = 155, SE = 11.0) than 
in summer (x = 296 m/hr, n = 281, SE= 14.2) or fall (x = 258 m/hr, n = 496, SE= 9.4; 
F= 13.91, 2 df, P < 0.001). 
Only movements in agriculture, mixed deciduous forest, pine plantation, and 
bottomland hardwood were included in the analysis of variance of hourly movement 
rates. Data were pooled by study area and the analysis of variance was blocked by sex to 
determine whether there was a significant land-cover effect on hourly movement rates or 
linearity. Because of low sample sizes, movements through agricultural areas were 
excluded from the analysis for spring (Table 10). Hourly movement rates during spring 
were less in bottomland hardwoods ( x = 214 m/hr, n = 38, SE= 24.8) than in mixed 
deciduous stands ( x = 94 m/hr, n = 25, SE = 18.0; F = 4.26, 2 df, P = 0.015), with no 
significant sex effect (F = 2. 70, 1 df, P = 0.102). No difference was detected in mean 
hourly movement rates by land cover for summer (F = 0.95, 3 df, P = 0.415) or fall (F = 
1.67, 3 df, P = 0.171; Table 10). 
The mean linearity ratio of movement bouts for all bears in my study was low ( x
= 0.275, n = 481, SE= 0.008; Table 11), indicating that movements were more circular 
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Table 10. Mean hourly movement rates of black bears (m/hr) by season and land-cover 
type, Washington County, North Carolina, 2000-2001. 
Land-cover Mean hourly 
Season type• n movement rate SE 
Spring AG 1 
MD 25 94.4 18.0 
pp 238 175.3 10.8 
BH 38 213.8 24.8 
Summer AG 82 259.0 23.4 
MD 39 184.7 28.4 
pp 172 292.7 36.1 
BH 24 240.7 33.5 
Fall AG 32 223.3 30.5 
MD 58 203.5 18.2 
pp 556 214.3 7.8 
BH 73 166.6 15.7 
Annual AG 115 249.1 18.7 
MD 122 175.1 13.5 
pp 966 218.7 8.4 
BH 135 193.0 12.7 
a AG = agriculture, MD = mixed deciduous forest, PP = pine plantation, 






















































































































































































































































































































































































































































































































































































overall. No difference was detected in linearity of movement bouts between the 
treatment and control areas (Z = -0. 7181, P = 0.473) or between sexes (Z = -1. 7722, P =
0.076). I did detect a difference in mean linearity ratios by season; movement trajectories 
during summer (x = 0.310, n = 129, SE= 0.018) were more linear than during spring (x 
= 0.253, n = 84, SE= 0.018; Table 11). 
Habitat Transitions.-- For all seasons combined, the probability of staying within 
a land-cover type was 0.83 for pine plantations, 0.69 for bottomland hardwoods, 0.62 for 
agriculture, and 0.49 for mixed deciduous stands (Table 12). In all cases, the probability 
of staying within the current land-cover type was greater than that of moving into another 
type. Because of low sample sizes for spring, expected cell frequencies precluded 
analysis of habitat transitions (Cochran 1954). In all other seasons, bears were most 
likely to remain in the current land cover, with movements into pine plantation the next 
most likely transition (Table 12). 
Telemetry E"or.-- The 95% confidence intervals for the mean hourly movement 
rate of bear locations did not contain the mean movement rate of locations incorporating 
telemetry error (Table 13). Likewise, the mean linearity oflocations incorporating 
telemetry error was not within the 95% confidence intervals about the mean linearity of 
bear movements. Therefore, calculations of hourly movement rates and linearity of 
movements are likely affected by telemetry error. 
Although proportions of habitat transitions for error locations were similar to 
actual bear movements (Fig. 13), the potential for land-cover misclassification because of 
telemetry error effects was high (26.2%; 632 locations out of 2,416). A chi-square 
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Table 12. Land-cover type transitions and activity from hourly relocations of short-term 

















Probability of Relocation bl: Land-Cover Type 
AG MD pp BH 
0.62 0.06 0.27 0.05 
0.07 0.49 0.40 0.04 
0.05 0.08 0.83 0.04 
0.06 0.04 0.21 0.69 
0.71 0.04 0.21 0.04 
0.07 0.47 0.39 0.06 
0.10 0.11 0.73 0.06 
0.10 0.07 0.26 0.57 
0.52 0.08 0.35 0.05 
0.08 0.46 0.43 0.04 
0.05 0.08 0.84 0.03 
















a Low sample sizes precluded a habitat transition analysis for spring (Cochran 1954) 
b AG = agriculture, MD = mixed deciduous forest, PP = pine plantation, BH =




















































































































































































































































































































Frequency of Habitat Transitions 
1200 �-----------------------.
• Bear locations






� Q ::r:: C, � Q C, � ::r:: � C, Q C, ::r:: ::r:: � � co . < � � < � co � < � < co co I I I I � I I I Q I I C, I ::c I I I I I � 
� 
::r:: C, � � � Q C, ::r:: Q C, co < � � � < � co � < co � < 
Transition Type 
Fig. 13. Frequency of observed habitat transitions of black bears from triangulated 
locations and locations that incorporated telemetry error, Washington County, North 
Carolina, 2000--2001 (AG= agriculture, MD= mixed deciduous forest, PP= pine 






analysis revealed that the probability of observing a given habitat transition was 
associated with telemetry error {i = 29.68, 3 df, P = 0.013). 
HABITAT MODELING 
Model Selection 
Because road density at all window sizes showed high variation, and because 
many roads on the study areas were locked, road density was excluded from model 
development. Although forest-agriculture edge density also had high variation, I retained 
this variable because bears on the study areas are dependent on agriculture as a primary 
food source. The correlation matrix indicated moderate correlation between agriculture 
interspersion/juxtaposition and forest cohesion (r �.58). Agriculture 
interspersion/juxtaposition also was correlated with forest-agriculture edge density (r � 
0.56) at all scales. Because of dependency of bears on connected forests and agriculture, 
priority was given to forest cohesion and forest-agriculture edge density and agriculture 
interspersion/juxtaposition was excluded from further consideration. In addition, forest 
diversity was correlated with land-cover diversity (r �.81 ). I eliminated land-cover 
diversity from further consideration because agricultural measures were already included 
in other variables, such as forest-agriculture edge density. Percent forest was excluded 
from the model because the metric was highly correlated with forest cohesion (r �.73), 
particularly at the smaller analysis scales. 
The principal component analysis revealed that the first 2 eigenvalues of the 
correlation matrix had values �1 and explained 90% of the variation in the data (Table 
14). I examined the first 2 component loading vectors to determine the contribution of 
63 
Table 14. Principal component loading vectors of landscape metrics associated with 
locations of radio-collared black bears in Washington County, North Carolina, 2000-
2001. 
Com�onent loading vectors 
Scale 
Metric (kml) 1 2 
Forest cohesion 0.20 0.20 0.59 
7.07 0.33 0.45 
38.48 0.30 0.37 
Forest-agriculture edge density 0.20 0.33 -0.41
7.07 0.40 -0.23
38.48 0.41 0.01
Forest diversity 0.20 0.39 -0.27
7.07 0.41 -0.12
64 
each remaining variable at the three analysis scales. The first eigenvector showed 
relatively equal loadings across all variables and accounted for 71 % of the variation. 
However, the second principal component loading vector indicated that forest cohesion 
had relatively high positive loadings and forest-agriculture edge density and forest 
diversity had relatively high negative loadings at the 0.2-km2 analysis scale, explaining 
an additional 19% of the variation (Table 14). Therefore, I chose forest-agriculture edge 
density, forest cohesion, and forest diversity at the 0.2-km2 analysis scale to generate the 
weights-of-evidence model. 
The mean values of forest cohesion and forest diversity were similar for males 
and females (Table 15). Although mean forest-agriculture edge density for females ( x = 
14.1, SD= 26.1) was smaller than that of males (x = 27.8, SD= 42.4). The 
measurement scale of this variable is edge length (m) per hectare. Given that the 
standard deviations for this measure were much greater than the means, it is unlikely that 
a difference of 13.7 m/ha is biologically significant. Therefore, the final model was 
generated based on the pooled dataset of male and female telemetry locations. 
Model Generation 
Reclassification of Habitat Variables.--The final model was developed from the 
forest cohesion and forest diversity indices and forest-agriculture edge density variables. 
I calculated contrast values and reclassified habitat variables as binary coverages. For 
the forest cohesion index, classes representing index values >90 were positive, 
indicating that high cohesion of forested pixels was predictive of bear locations at the 
hourly movement scale (Fig. 14). Of 1,181 telemetry locations used to develop the 
65 
Table 15. Mean values of habitat variables by sex for black bears, Washington County, 
North Carolina, 2000-2001. 
Standard 
Habitat Variable Sex Mean Deviation 
Forest cohesion Female 98.0 11.0 
Male 95.2 16.6 
Forest-agriculture edge density Female 14.1 26.1 
Male 27.8 42.4 
Forest diversity Female 0.20 0.20 



















































Forest-agriculture edge density 
7 8 
Edge density classes 
Fig. 14. Contrast values for weights-of-evidence analysis based on black bear locations 
associated with forest cohesion (Fig. 14.A), forest diversity (14.B), and forest-agriculture 
edge density (Fig. 14.C), Washington County, North Carolina, 2000-2001. Classes 
represent 10 unit increments for forest cohesion and forest diversity and increments of 35 
m/ha for forest-agriculture edge density. 
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model, 1,121 (94.9%) occurred within that class. For binary reclassification, classes 
representing values >90 ( class 100) were reclassified as "favorable", and all other classes 
classified as "unfavorable." 
Contrast values for the forest diversity index were positive for diversity indices 
from 1--69 (Fig. 14) and I reclassified these values as "favorable" for final model 
development; 825 telemetry locations (69.9%) occurred within these index classes. 
Diversity indices >89 were absent from the initial study area. However, these values did 
occur in the regional area, so I reclassified them as unfavorable, under the assumption 
that the negative trend in contrast values for diversity indices >69 would continue for 
diversity index values >89. Classes representing forest-agriculture edge densities from 
68-171 m/ha were negative (Fig. 14) and reclassified as "unfavorable" for final weight
calculations. Values <67 and 171-205 m/ha were classified as "favorable." Of 1, 181 
telemetry locations, 1,101 (93.2%) occurred within classes with positive contrast values. 
Only 5 of 1,181 telemetry locations (0.4%) had edge density values >206 m/ha. 
Model Results.-- The unit area for weight calculations was 0.0009 kni2, 
corresponding to the pixel size of the GIS habitat layers. Predicted probability of bear 
occurrence calculated with the weights-of-evidence method based on forest cohesion, 
forest diversity, and forest-agriculture edge density ranged from 0.0002-0.0103 (Figs. 15 
and 16; Table 16). The prior probability of a given cell containing a bear location was 
0.0042 (SD= 0.0001). In this model, forest cohesion was the most influential variable, 
followed by edge density (Table 17). The model developed for the 2 study areas had an 
overall conditional independence ratio of 0.97, indicating that the assumption of 
conditional independence among habitat variables was met. The overall ratio of 
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Legend N 
D Study area 0.001961638 
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Fig. 15. Predicted probability of black bear occurrence calculated with the weights-of­







































































































































Table 16. Unique conditionsa and associated predicted probability of black bear 
occurrence as predicted by forest cohesion (FCOH), forest diversity (FDIV), and forest-
agriculture edge density (FAED, Washington County, North Carolina, 2000-2001. 




Rank FCOH FAED FDIV locations probability 
1 1 1 1 657 0.01029 
2 1 1 0 286 0.00491 
3 1 0 1 140 0.00413 
4 1 0 0 38 0.00196 
5 0 1 1 8 0.00107 
6 0 1 0 18 0.00051 
7 0 0 1 20 0.00043 
8 0 0 0 14 0.00020 























Table 17. Positive (W) and negative (W) weights and contrast2 values for binary classes 
of habitat variables used to predict black bear habitat with the weights-of-evidence 
method, Washington County, North Carolina, 2000-2001. 
Habitat variable 
Forest cohesion 













a Contrasts are calculated as the difference between negative and positive weights and 
indicate the overall contribution of the respective variable to the model. 
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conditional independence decreased to 0.4 when I extrapolated the model to the 
Albemarle-Pamlico Peninsula. Areas that were predictive for all habitat variables 
represented the greatest probability of bear occurrence, with a predicted probability of 
0.01029 {Table 16). Of 1,181 telemetry locations, 657 (55.6%) occurred within that 
condition. Areas that were predictive for only forest cohesion and forest-agriculture edge 
· density had a predicted probability of black bear occurrence of 0.0049 (Table 16); 286 of
1,181 (24.2%) of the telemetry locations used to develop the model were within this
unique condition. Areas within these 2 unique conditions were considered predictive of
black bear occurrence, representing 40. 7% of the study area. All other unique conditions
of habitat variables had predicted probabilities equal to or less than the prior probability
of bear occurrence, indicating that the probability of containing a bear location was not
different from the random probability {Table 16). Of the 1,181 bear locations used to
develop the model, 238 (20.2%) occurred on areas with predicted probabilities less than
the prior probability (0.0042).
Model Testing 
Areas with predicted probabilities greater than the prior probability constituted 
40.7% of the study area, and 78.8% of the test locations were correctly classified in these 
areas, whereas 38.6% of random locations occurred in these areas {Table 18). The 
median predicted probabilities of the test and random locations within the study areas 
were 0.0103 (n = 590, SD= 0.0033) and 0.0042 (n = 590, SD= 0.0037), respectively. 
The test locations were associated more often than random locations with areas where the 
73 
Table 18. Association of bear locations and random locations to predicted probability of 
black bear occurrence calculated with the weights-of-evidence method, Washington 
County, North Carolina, 2000-2001. Shading denotes conditions in which the predicted 
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probability of bear occurrence was predicted to be greater than the prior probability (X' = 
12.05, df= 2, P < 0.001). 
Telemetry E"or.-- When I repeated the weights-of-evidence model with the 
locations that incorporated telemetry error, there appeared to be a small telemetry error 
effect. Although forest cohesion remained the most influential variable in the model with 
contrast values changing only slightly, the contrast value for forest-agriculture edge 
density changed such that its influence ranking and that of forest diversity reversed 
(Table 19), suggesting that telemetry error may have influenced the results of the 
weights-of-evidence model. 
HABITAT LINKAGES 
Bear habitat connections between the southern and northern portions of the 
treatment area were located along a linear block of bottomland hardwood and mixed 
deciduous forests on the eastern portion of the area (Fig. 17). I identified an additional 
linkage along the western edge of the treatment area, connecting a small concentration of 
black bear locations on the southwest portion of the study area to the northern portion of 
the area. Between the treatment and control areas, the primary habitat connection 
included a linear corridor of bottomland hardwood just south of the town of Roper (Fig. 
1 7). Habitat connections on the treatment area and between the 2 study areas overlapped 
with linkages between areas of core bear habitat from the regional connectivity model 
(Fig. 18); these areas cross the new 4-lane section of U.S. Highway 64 near a wildlife 
underpass site. 
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Table 19. Comparison of weights, contrast values, and contrast rankings for binary 
classes of habitat variables from a weights-of-evidence model generated with bear 
locations and locations incorporating telemetry error. 
Locations Habitat variable w W Contrast Rank 
Telemetry Forest cohesion -1.906 0.366 2.273 1 
Forest-agriculture edge density -0.664 0.239 0.920 2 
Forest diversity -0.458 0.288 0.746 3 
Error Forest cohesion -1.842 0.363 2.045 1 
Forest-agriculture edge density -0.539 0.208 0.745 3 





































































































































































































































































































































































































































































The regional application of the least-cost-path technique often resulted in 
overlapping habitat linkages among different combinations of source and destination 
areas. The connection between the Roanoke River Swamp (West-Northwest of 
Plymouth) and the Big Swamp area (northeast of the treatment area) followed tracts of 
pine and bottomland hardwoods, across the northern portion of the treatment area (Fig. 
18). That connection overlaps with the linkage between the control and treatment areas 
described previously. The habitat connection between Alligator River National Wildlife 
Refuge and the Big Swamp area included the eastern portion of the Pocosin Lakes 
National Wildlife Refuge, and corresponded with the connection between the latter 2 
areas of core habitat. Linkages between the Pocosin Lakes and Swan Quarter national 
wildlife refuges and the Pungo River region to the west overlap extensively, and include 
the western shoreline of Lake Mattamuskeet, through the Mattamuskeet National 




HOME RANGES AND MOVEMENTS 
Factors such as age, sex, food availability, and reproductive status influence black 
· bear home-range dynamics (Pelton 1982). Home ranges of female bears on the treatment
area were larger than those on the control area, but were still smaller than most annual
home ranges for black bears in the southeastern Coastal Plain (Table 20). Male bears in
this study had larger home ranges than females, which has been documented for black
bears in many other areas (Pelton 1982). Male bears have larger body sizes and, thus,
increased caloric requirements. In addition, home ranges of males typically encompass
those of several females, increasing the opportunity for breeding, thereby increasing
reproductive fitness (Rogers 1977, 1987). The mean home range of male bears in my
study was influenced heavily by a large home range of one particular male. When this
bear was excluded from the analysis, mean male home-range size was 19.6 km.2, which is
comparable to mean home ranges of males elsewhere in the Southeastern Coastal Plain.
It is likely that resource abundance and distribution influenced the small size of 
home ranges in my study. In areas with high-quality habitat, food resources can be 
procured in a small area resulting in smaller home ranges. Home ranges on my study 
areas were similar to those on the Alligator River National Wildlife Refuge in eastern 
North Carolina and Delrie Company timberlands in Louisiana (Table 20). Like the 
treatment and control areas in my study, these areas provide areas of both natural and 
agricultural food sources in relatively close proximity (Allen 1999, Beausoleil 1999). 
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Table 20. Home-range estimates of black bears in Coastal Plain areas of the southeastern 
United States. 









Eglin Air Force Base, 
Florida 





Deltic Co. timber lands, 
Louisiana 
Alligator River National 
Wildlife Refuge, 
North Carolina 
Marine Corps Base Camp 
Lejeune, North 
Carolina 
Great Dismal Swamp, 
Virginia 
a 95% fixed kernel method. 
b 95% minimum convex polygon method. 
c 95% adaptive kernel method. 























This study a 
Edwards (2002) b 
Maehr et al. (2000) a 
Stratman (1998) c 
Dobey et al. (2002) a, d 
Dobey et al. (2002) a, d 
Beausoleil (1999) b 
Allen (1999) b 
Telesco (2003) b 
Hellgren and 
Vaughan (1989) b 
Sampling black bear activity and habitat use occurred mostly during diurnal or 
crepuscular periods, which may bias the analysis of daily activity patterns. However, 
many studies have documented black bears as diurnal with crepuscular peaks in activity, 
especially in areas that are remote or have limited human activity (Amstrup and Beecham 
1976, Garshelis and Pelton 1980, Quigley 1982, Masters 2002). Although land use on 
the two study areas was largely anthropogenic, human densities were low and human 
access was limited because most roads on the study areas were gated and locked. Indeed, 
limited telemetry monitoring was conducted on my study from 21:00-5:00 hrs, which 
confirmed the lack of bear activity from several hours post-sunset to dawn. Thus, the 
lack of night-time locations likely did not bias my results. Furthermore, the primary 
purpose of the habitat use analyses was to determine habitat use associated with 
ecologically meaningful activities, which occurred primarily during early morning and 
late evening hours ( e.g., foraging and travel to feeding sites). 
Bears in my study exhibited bimodal activity patterns, with peaks near sunrise and 
sunset. However, radiotelemetry data were collected primarily during morning and 
evening and I adjusted my analysis based on telemetry schedules, by excluding hours for 
which telemetry data were limited. Therefore, I could not describe possible nocturnal 
activity levels of bears. Daytime activity during spring and summer was proportionate to 
expected levels. During the summer, bears frequently used agricultural crops and 
commonly were observed moving between com fields and forest tracts throughout the 
day. During fall, bears were less active than expected in early evening. Most forested 
lands within the 2 study areas were leased to local hunting clubs. Those areas received 
frequent human use during fall hunting seasons for white-tailed deer and bear, with peak 
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hunter activity occurring during the evenings. Thus, decreased bear activity may 
represent a response to human disturbance. 
Mean telemetry error in my study was similar to hourly movement rates, which 
may have reduced the power to detect patterns. For example, >50% of distances 
calculated from successive hourly relocations of radiocollared bears were smaller than 
the mean telemetry error for this study (253 m). However, telemetry error likely was 
randomly distributed and relationships among movement rates of different groups or 
seasons should not be affected. For example, although linearity of telemetry locations 
differed from locations incorporating telemetry error, overall movements were still more 
circuitous than linear. 
Movement rates were similar for all land-cover types with the exception of spring, 
when mean movement rates in bottomland hardwoods were greater than in upland 
deciduous forests. The linear nature of bottomland hardwoods make them ideal for long­
distance movements, providing protective cover for bears during travel bouts. In 
addition, bears may feed on emergent vegetation in these areas in the absence of other 
spring foods (Hamilton and Marchington 1980). 
Land cover of 25% of the hourly locations was potentially misclassified because 
of telemetry error, which affected my analysis of habitat transitions. However, some 
major patterns were evident. In all cases, the probability of staying within a given land­
cover type was greater than the probability of moving into other types. During summer 
and fall, most documented movements were within pine plantations, with bears more 
likely to move into pine from all other land-cover types. Pine was the most abundant 
land-cover type on the study area; bears likely used pine for resting habitat and to move 
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between other habitat types, which were interspersed throughout the matrix of pine 
plantations on the two study areas (Fig. 4). 
HABITAT MODEL 
The weights-of-evidence technique is widely accepted in other fields ( e.g., 
geology, medical diagnosis), but its use for wildlife applications is relatively new. The 
primary advantage of the weights-of-evidence technique is that it can be used to combine 
habitat characteristics associated with animal locations into an easily interpretable model 
of habitat use. The use of Bayesian methods allows predictions of habitat use in terms of 
probability levels, which are easily displayed and interpreted. One potential disadvantage 
of the method is the underlying assumption of conditional independence of predictive 
variables on which the model is based. In natural resource applications that assumption 
likely is violated (Bonham-Carter 1994) because several metrics that I used were derived 
from land cover and, as such, may not be independent. I used a conservative variable 
selection procedure to reduce the possibility of dependence among the habitat variables. 
I eliminated variables from further consideration when correlations among variables were 
moderate or high (r > 0.50), with preference given to those variables that are considered 
to be important to black bear ecology. As a result, the overall ratio of conditional 
independence of the model was 0.97, indicating that the assumption of conditional 
independence was adequately met. 
The final model included forest cohesion, forest diversity, and forest-agriculture 
edge density variables. That model performed well; the highest predicted probability 
category included only 23.8% of the study area but contained 56% of the reserved bear 
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locations. Seventy-nine percent of the test locations were within the 2 highest probability 
categories, representing 41 % of the study area. The 2 greatest probability classes 
contained more bear locations than expected when compared with random locations. 
Because those random locations were generated only within bear home ranges, which 
presumably contain good bear habitat, that comparison likely provided a conservative test 
of model performance. Although predicted probabilities of occurrence were low (range =
0.0002-0.0103), these values are relative. I consider a ranking of those probabilities 
adequate to describe fine-scale selection by bears because the scale of the variables in the 
model was equivalent to mean hourly movements of bears. 
Although the contrast rankings from the weights-of-evidence model based on 
telemetry locations were slightly different than those from locations incorporating 
telemetry error, the effects of telemetry error likely were reduced because I used moving 
window analyses in GIS to calculate habitat variables. Thus, the measurements 
represented habitat characteristics of a larger area surrounding each location rather than 
the location itself. The contrast value for each habitat variable yielded insights into the 
relative importance of each variable. Forest cohesion was the most influential variable. 
In the binary reclassification, forest cohesion values >90 were considered predictive of 
black bear presence. Furthermore, forest cohesion was correlated with percent forest and, 
as such, may serve as a surrogate for other measures of forest habitat. Thus, highly 
connected forest cover is an important habitat characteristic for black bears. The 
secretive nature of black bears is demonstrated in the dependence of the species on 
forested and relatively unsettled landscapes throughout their geographic range (Pelton 
1982). Although bears in eastern North Carolina exist in close proximity to humans and 
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in a human-altered landscape, the matrix of large, contiguous forest tracts provide the 
basis of black bear habitat. 
Density of forest-agriculture edges was the second most influential variable in the 
habitat model. Low values of edge density were predictive of black bear habitat selection 
(forest-agriculture edge density <67 m/ha). This observation suggests that the adjacency 
of agriculture and forest is important, but only where such edge habitats are not the 
dominant feature in the landscape. The importance of this variable is reflected in a 
gradient of greater probabilities of bear use along forest-agriculture edges (Fig. 19). The 
importance of forest diversity in the habitat model is similar to results of habitat analyses 
of black bears elsewhere in the Southeast (e.g., Clark et al. 1993, van Manen and Pelton 
1997, Martorello 1998). Moreover, Thompson (2003) attributed high black bear 
densities on the 2 study areas to the interspersion of pine, mixed-deciduous, deciduous, 
and bottomland hardwood forests and their proximity to agriculture. The interspersion 
and juxtaposition of forested tracts within an agricultural landscape provide ample 
opportunities for efficient food procurement; com and other crops are important in the 
diets of black bears in agricultural areas of the southeastern United States (Jones 1996, 
Dobey et al. 2002). 
The unique conditions table (Table 16) provides information on which 
combinations of forest cohesion, forest-agriculture edge density, and forest diversity 
result in greater probabilities of bear use. The highest predicted probability from the 
model corresponded to areas that were classified as favorable for all 3 variables in the 
model. This suggests that the most important habitat conditions for bears are areas of 















































































































































































































































































































agriculture. These areas provide adequate cover to conceal bears during resting and 
traveling activities, and provide both natural and agricultural food sources. The second 
highest quality areas were those with high forest cohesion in close proximity to 
agriculture, suggesting that in the absence of natural foods, dietary requirements are met 
by agricultural crops. Furthermore, areas that had favorable forest cohesion and forest 
diversity did not result in predicted probabilities of bear occurrence that were greater than 
random, indicating that the presence of agriculture may be more important than forest 
diversity. 
The configuration of forested tracts on the control area is characterized by a large, 
central block of pine plantations, interspersed with mixed and deciduous forest types, 
providing bears with abundant natural and agricultural food sources throughout the year 
(Fig. 4). Conversely, the treatment area is composed mainly of a large interior block of 
agriculture and large commercial swine farms, surrounded by smaller forest tracts. These 
differences among the 2 study areas were evident in the results of the weights-of­
evidence model. The control area had 31. 7% (3,889 of 12,266 ha) of its area in the 
highest predicted probability of bear occurrence, whereas the treatment area had 22.3% in 
this class (2, 728 of 12,241 ha). Furthermore, these better habitats were distributed more 
uniformly on the control area (Fig. 15). These habitat differences between the 2 areas 
also were reflected in trap success and the results of the home-range, activity, and short­
term movement analyses. Whereas female home-range overlap was common on both 
study areas (Figs. 8 and 10), overlap among female home ranges was most extensive on 
the control area and was concentrated in areas with the best habitats as predicted by the 
habitat model. Although home-range overlap is common among female adult bears and 
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their female offspring (Lindzey and Meslow 1977, Rogers 1977), the extensive overlap 
that I observed among adult females on the control area suggests intra-specific tolerance. 
In areas of abundant food resources, female bears can procure food without large 
movements to foraging sites, even when caring for relatively immobile young. The 
increased nutritional requirements for lactation and rearing of offspring can be met more 
easily when both agricultural and natural foods are present. On the treatment area, 
however, smaller forested tracts and fewer agricultural food sources likely are responsible 
for lower population densities (Thompson 2003) and lower home-range overlap. 
Bear activity also can be influenced by habitat quality. Masters (2002) indicated 
that bears in north-central Florida were more active in pine plantations than other land­
cover types. In areas where bears are dependent on agricultural food sources, activity 
would be expected to be greater in agriculture because bears are actively feeding. In my 
study, however, activity levels of bears were not associated with land cover. Bottomland 
hardwoods and deciduous forests have been documented as important habitat types for 
black bears in eastern North Carolina (Martorello 1998, Beausoleil 1999, Telesco 2003). 
Those forests provide dense, protective cover and natural foods such as black gum mast 
and wild grape ( Vitus spp. ). Pine plantations often also contain natural foods, such as 
Smilax spp., blackberries, and pokeberry (Phytolacca americana). Thus, the presence of 
a diversity of deciduous forest types within a forest matrix of pine and in close proximity 
to agriculture likely is responsible for the lack of differences in activity among land-cover 
types in my study. 
Hourly movement rates also differed between the study areas, with movement 
rates generally greater on the control area; hourly movements of females on the control 
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area were greater than those of males. Increased movements may be a result of extensive 
home-range overlap, which was greater on the control area. As bears move throughout 
their home ranges, higher movement rates may be necessary to avoid interaction or 
conflict as individual bears perceive other individuals within the same habitat, especially 
in areas with high population densities ( e.g., the control area). Additionally, movement 
· rates of females on the control area were lower in spring than other seasons. Several
radiocolla.red females on the control area were documented with cubs in spring 2001 (J.
L. Kindall, University of Tennessee, unpublished data) which may explain lower hourly
movements. 
The regional extrapolation of the habitat model yielded predictions of bear habitat 
use for a broader region. However, the weights-of-evidence model was developed for a 
small study area with various anthropogenic influences and may not be appropriate for 
areas of contiguous, natural land-cover types. Land-cover composition differed 
particularly between lands east and west of the Alligator River. Areas west of the 
Alligator River (south of the study areas) were dominated by large agricultural fields with 
some interspersion of bottomland hardwoods and pine plantations, closely resembling the 
habitat conditions on the study areas. This region contained several National Wildlife 
Refuges (NWR) that serve as de facto bear sanctuaries (e.g., Mattamuskeet NWR, 
Pocosin Lakes NWR, and Swanquarter NWR). Conversely, the area west of the Alligator 
River (including Alligator River NWR) was dominated by contiguous bottomland 
hardwoods with relatively few managed pine forests or agricultural areas. Bears in that 
area have access to more natural food sources and fewer agricultural foods compared 
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with bears in my study. Therefore, habitat use predictions for areas east of Alligator 
River should be interpreted with caution. 
HABITAT LINKAGES 
My delineation of habitat linkages for the 2 study areas and the Albemarle­
Pamlico Peninsula used the regional application of the weights-of-evidence model as a 
basis. Because the habitat model reflected overall habitat suitability, rather than only 
habitat features conducive to travel, the least-cost-paths represent actual habitat linkages, 
rather than just travel corridors. 
Thompson (2003) suggested that the treatment and control areas may act in a 
source-sink dynamic, with moderately high densities of black bears on the treatment area 
(1.20 bears/km2) sustained through immigration of bears from the control area, where 
densities are high (1.78 bears/km2). As such, the western underpasses of the new U.S. 
Highway 64 section (Fig. 17) may not only facilitate travel between the north and south 
portions of the treatment area, but also between the treatment and control areas. 
Furthennore, habitat linkages between the Roanoke River (west of the control area) and 
Bull Bay Swamp (northeast of the treatment area) converged with linkages between the 2 
study areas near the westernmost underpass. Similarly, the eastern underpass is located 
within a habitat connection between the Big Swamp and areas of core black bear habitat 
south of the treatment area (Fig. 18). Therefore, the habitat connections suggest that 
these underpasses may have both regional and local importance. 
In many cases, habitat connections identified in the analysis followed tracts of 
bottomland hardwood habitat. Bottomland hardwoods in eastern North Carolina are 
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relegated to natural drainages and river bottoms and thus tend to be linear. The 
distribution and configuration of these drainages and the importance of forest diversity in 
the weights-of-evidence model further emphasizes the importance of these forests to 
black bear populations. These linear tracts of bottomland hardwoods not only provide 
seasonally important food sources, but also have been documented to provide important 
movement corridors for bears in coastal environments (Stratman et al. 2002, Beausoleil 
1999). Thus, maintaining connections of these natural corridors may be important to 
mitigate the potential barrier effects of future infrastructure development. 
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CHAPTER VI 
MANAGEMENT AND RESEARCH IMPLICATIONS 
My study objectives were to establish baseline data on black bear home ranges, 
activities, movements, and habitat use prior to the construction of the new highway. In 
order to determine the impacts of the new highway once post-construction data have been 
collected, the precision of movement measures and habitat use are important. Because of 
the restricted movements of bears on the 2 study areas, telemetry error affected the 
precision of short-term movement parameters. Therefore, the measures may not be 
useful in the final project analysis. 
My results indicate differences between the 2 study areas in movements, home 
ranges, and habitat use. These differences will need to be accounted for in the final 
analysis after highway construction is completed. Detection of differences before and 
after highway construction also may be affected by changes in land-use patterns. If grain 
crops, such as com and wheat, are replaced in favor of less palatable crops, bears may 
become more dependent on natural food sources, potentially affecting movements and 
habitat use. For example, on portions of the treatment area grain crops are being replaced 
with turf grass production (L. M. Thompson, University of Tennessee, personal 
communication). The incorporation of a control area should compensate for such 
changes, but only if they occur equally on both study areas. 
Results of the habitat model indicated the importance of forest connectivity, 
diversity, and forest-agriculture edges. The diversity of forest types and the juxtaposition 
of forests and agricultural areas likely contribute to small home ranges because 
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reproductive and dietary requirements can be fulfilled in a small area. Consequently, 
bear densities on the 2 study areas, particularly the control area, are some of the highest 
reported in the literature (Thompson 2003). Changes in the distribution of habitat types, 
such as land clearing associated with the new highway, may affect local demographics 
and spatial ecology of black bears. The least-cost-path analyses also indicated the 
potential for regional effects. Thus, the wildlife underpasses may be important to 
mitigate such effects. Indeed, habitat connections between the northern and southern 
portions of the treatment area coincided with track surveys from a field study to 
determine the most effective placement of the wildlife underpasses (Sheick and Jones 
1999). In addition, regional habitat linkages from my analysis often overlapped at the 
underpass sites, indicating that the potential function of the underpasses may extend to a 
larger area. 
Habitat use and home-range dynamics are responses of individual bears to habitat 
and landscape conditions; as such, changes in those conditions should be evident in the 
analysis of post-construction radiotelemetry data relatively soon after completion of 
highway construction. In contrast, demographics changes may not be discemable 
immediately after the completion of phase II of the project (Thompson 2003). Therefore, 
changes in habitat use and movements by bears after highway construction will be useful 
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Appendix A. Landscape metrics used to characterize habitat of black bears, Washington 








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Appendix B. Capture and radiotelemetry data for phase 1 of a study to determine the 
impacts of a 4-lane highway on black bear ecology, Washington County, North 
Carolina, 200(}-2001. 
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Table B.1. Capture and radiotelemetry data for black bears, treatment area, Washington 
County, North Carolina, 2000-2001. 
No. of 
Bear Radio hourly No. of daily 
Date ID# Sex Weight Age collar locations locations 
16-Jun-00 WT00l M 151 a 3 Yes 42 17 
17-Jun-00 WT002 M 170 3 No 
19-Jun-00 WT003 F 105 2 Yes 77 48 
21-Jun-00 WT004 F 1403 5 Yes 81 50 
23-Jun-00 WT005 M 324a 3 No 
5-Jul-00 WT006 M 133a 1 No 
9-Jul-00 WT007 F 85 1 Yes 40 15 
1 l-Jul-00 WT008 F 135 4 Yes 92 51 
12-Jul-00 WT009 F 155 3 Yes 102 61 
14-Jul-00 WT0lO F 1353 3 Yes 95 47 
14-Jul-00 WT0ll M 3423 3 Yes 12 22 
18-Jul-00 WT012 M 3003 6 Yes 51 66 
27-Jul-00 WT013 F 145 7 Yes 74 36 
30-Jul-00 WT014 M 2603 2 No 
31-Jul-00 WT015 M 1623 2 No 
5-Aug-00 WT016 F 60 1 No 
13-Aug-00 WT017 M 224a 2 Yes 85 48 
16-Aug-00 WT018 M 293 3 Yes 15 18 
18-Aug-00 WT019 F 160 3 Yes 87 51 
18-Aug-00 WT020 F 105 2 Yes 87 55 
20-Aug-00 WT021 M 150 1 No 
25-Aug-00 WT022 F 1333 7 Yes 102 68 
4-Sep-00 WT023 M 250 2 Yes 19 13 
a Estimated with regression equation (Eason and van Manen, unpublished data). 
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Table B.2. Capture and r adiotelemet ry d at a  for bl ack bears, control area, Washingt on 
County, North Carolina, 2000-2001. 
No. of 
Bear Radio hourly No. of daily 
Date ID# Sex Weight Age collar locations locations 
10-Jul-00 WTl00 F 175 Yes 86 59 
12-Jul-00 WT098 F 125a
 3 Yes 111 73 
12-Jul-00 WT099 F 125a 5 Yes 77 63 
15-Jul-00 WT097 F 130 7 Yes 60 49 
16-Jul-00 WT094 F 170a 5 Yes 87 75 
16-Jul-00 WT095 F 55* 2 No 
16-Jul-00 WT096 F 53 1 No 
18-Jul-00 WT093 M 160 1 No 
19-Jul-00 WT092 F 165 4 Yes 80 31 
20-Jul-00 WT090 F 140 9 Yes 97 79 
20-Jul-00 WT091 F 78 2 No 
21-Jul-OO WT088 F 145 6 Yes 72 71 
21-Jul-00 WT089 M 368a Yes 97 84 
22-Jul-OO WT085 F 120 5 Yes 75 58 
22-Jul-00 WT086 F 138 3 Yes 26 5 
22-Jul-O0 WT087 F 80 1 No 
23-Jul-O0 WT081 F 80 2 No 
23-Jul-00 WT082 M 115 1 No 
23-Jul-00 WT083 F 108 2 Yes 99 66 
23-Jul-00 WT084 F 70 2 No 
24-Jul-00 WT080 F 175 5 Yes 74 70 
25-Jul-00 WT078 F 155 4 Yes 97 66 
25-Jul-00 WT079 F 60 1 No 
29-Jul-00 WT077 F 55 1 No 
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Table B.2. (Continued) 
No. of No. of 
Bear Radio hourly independent 
Date ID# Sex Weight Age collar locations locations 
30-Jul-00 WT076 M 80 2 No 
31-Jul-00 WT072 M 190 1 No 
31-Jul-00 WT073 M 215 2 Yes 82 67 
31-Jul-00 WT074 F 145 7 Yes 98 72 
31-Jul-00 WT075 M 390 8 Yes 76 32 
6-Aug-00 WT071 F 165 Yes 49 12 
7-Aug-00 WT069 M 90 1 No 
7-Aug-00 WT070 F 105 9 Yes 65 55 
a Estimated with regression equation (Eason and van Man.en, unpublished dat a ). 
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Appendix C. Home-range overlap of black bears in Washington County, North 
Carolina, 2000-2001. 
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Table C. l. Overlap of 95% fixed kernel home ranges of black bears on the treatment area, 
Washington County, North Carolina, 2000-2001. 
Percent of bear A Percent of bear B 
Bear ID# Sex Bear ID# Sex home-range overlap home-range overlap 
(A) (A) (B) (B) with bearB with bear A 
3 F 4 F 3.0 5.0 
3 F 11 M 4.4 0.1 
3 F 18 M 4.9 1.1 
4 F 11 M 67.5 1.1 
4 F 12 M 66.7 36.3 
4 F 13 F 5.9 3.5 
4 F 17 M 81.9 6.8 
8 F 10 F 9.5 19.2 
8 F 11 M 49.1 1.6 
8 F 13 F 0.7 0.9 
8 F 17 M 71.7 11.7 
8 F 18 M 53.3 13.4 
8 F 19 F 8.9 9.1 
8 F 20 F 0.1 0.1 
8 F 22 F 0.3 0.6 
9 F 11 M 100.0 2.6 
9 F 13 F 6.0 5.5 
9 F 17 M 4.0 0.5 
9 F 18 M 12.6 2.5 
9 F 20 F 63.2 55.7 
9 F 22 F 1.8 2.3 
10 F 11 M 2.5 0.0 
10 F 13 F 1.2 0.7 
10 F 17 M 98.7 7.9 
10 F 18 M 37.4 4.6 
10 F 19 -F 27.6 13.9 
10 F 20 F 1.2 0.7 
119 
Table C. l. (Continued) 
Bear ID# Sex Bear ID# 
(A) (A) (B) 
11 M 12 
11 M 13 
11 M 17 
11 M 18 
11 M 20 
11 M 22 
12 M 13 
12 M 17 
12 M 19 
13 F 17 
13 F 18 
13 F 20 
13 F 22 
17 M 18 
17 M 19 
17 M 20 
17 M 22 
18 M 19 
18 M 20 
18 M 22 
20 F 22 
Mean (male, female overlap): 
Mean (female overlap): 
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Table C.2. Overlap of 95% fixed kernel home ranges of black bears on the control area, 
Washington County, North Carolina, 2000--2001. 
Percent of bear A Percent of bear B 
Bear ID# Sex Bear ID# Sex home-range overlap home-range overlap 
(A) (A) (B) (B) with bear B with bear A 
70 F 73 M 54.3 11.6 
70 F 74 F 91.1 63.9 
70 F 83 F 71.0 15.6 
70 F 92 F 25.1 20.6 
73 M 74 F 19.0 62.5 
73 M 83 F 42.3 43.6 
73 M 88 F 0.6 5.8 
73 M 89 M 23.5 12.3 
73 M 92 F 17.6 67.9 
74 F 83 F 69.7 21.8 
74 F 92 F 33.7 39.4 
75 M 78 F 6.8 53.5 
75 M 85 F 7.0 48.0 
75 M 88 F 0.6 5.4 
75 M 89 M 73.9 38.7 
75 M 90 F 28.6 85.8 
75 M 94 F 24.0 57.4 
75 M 98 F 14.2 60.7 
75 M 99 F 11.1 81.9 
78 F 85 F 5.7 5.0 
78 F 89 M 92.5 6.1 
78 F 90 F 56.8 21.7 
78 F 94 F 83.6 25.4 
78 F 98 F 71.0 38.4 
78 F 99 F 1.1 1.0 
80 F 83 F 13.0 3.6 
80 F 100 F 37.8 81.3 
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Table C.2. (Continued) 
Bear ID# Sex Bear ID# Sex 
(A) (A) (B) (B) 
83 F 89 M 
83 F 92 F 
83 F 100 F 
85 F 89 M 
85 F 90 F 
85 F 94 F 
85 F 98 F 
88 F 89 M 
88 F 90 F 
88 F 99 F 
89 M 90 F 
89 M 92 F 
89 M 94 F 
89 M 97 F 
89 M 98 F 
89 M 99 F 
90 F 94 F 
90 F 98 F 
90 F 99 F 
94 F 98 F 
94 F 99 F 
Mean (male, female overlap): 
Mean ( female overlap): 
Mean ( male overlap): 
Percent of bear A Percent of bear B 
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